INTRODUCTION 46
cheese making (Storry et al., 1983; Sundekilde et al., 2011) . Milk suitability is modified 48 by many factors such as diet, breed, protein genetic variant, health, season and rearing 49 condition. The effects of breed and protein genetic variants, which are inter-related, have 50 been subject to increased interest (Barowska et al., 2006) . The Jersey, Brown Swiss, 51
Montbéliarde and other high milk solids yielding breeds have been shown to have a 52 positive impact on cheese-making (Lucey and Kelly, 1994) . 53
The Jersey (J) breed is the second most important dairy breed in the world and it has been 54 suggested that using J milk would improve the efficiency of the cheese making sector in 55
Canada (Thompson, 1980) , Wales (Hayes, 1983 ) and the USA (Capper and Cady, 2012 ) 56 due to improved longevity, superior udder health, higher cheese yield, reduce feed and 57 water requirement, and an overall reduction in the carbon footprint of Cheddar cheese 58 production. 59
However, the use of J milk for Cheddar cheese production, while common, is still limited 60 7 titratable acidity was measured using an acid-base titration with a Titralab automatic 115 titrator (Radiometer Analytical, Villeurbanne, France) titrated with 0.1 M NaOH until pH 116 8.70 was reached, and expressed as Dornic acid (°D). All analyses were performed 117 within 24 h of milk collection. 118
Cheese making process 119
On each occasion four vats of cheese were made over two days. Bulk milk was 120 pasteurized, but not standardized, as standardization was not carried out by the large 121 commercial cheese plant on which the cheese making process is based. Approximately 80 122 kg of milk was placed into each vat and warmed to 33°C. Starter (RSF 638, Chr. Hansen 123
Laboratories A/S, Hørsholm, Denmark) was added at 0.0269 g/kg of milk and left to 124 ripen for 35 min. Coagulant Marzyme 15 PF (Danisco, Dupont Company, Hertfordshire, 125 UK) was then added at 0.2566 ml/ kg after being diluted fivefold with water. Curd was 126 cut at the cheese maker's judgment. The curd and whey was heated to 39°C in 45 min 127
and then left to scald at this temperature for 50 min. Whey was then drained and the 128 cheddaring process started when the TA reached 0.20 ± 0.05 °D. Curd was milled at TA 129 0.30 ± 0.05 °D and salt added at 24 g/ kg of curd. Salted curds were left to cool and then 130 filled into round moulds of 5 kg and prepressed at 3 Pa up to 7 Pa, and left to press 131 overnight at 7 Pa. 132
The yield and composition of the whey was determined from the whey collected between 133 drainage until milling (Lactoscope, Advanced Instruments Inc., Drachten, Netherlands). 134
Yield was calculated from the weight of milk placed in the vat, and the weight of cheese 135 after pressing and vacuum packing. Yield was expressed both in actual yield kilo of 136 cheese per 100kg of milk, and adjusted yield using a fixed moisture content of 37%. 137 8 Theoretical yield was also calculated using milk composition data and the Van Slyke 138 equation (Van Slyke and Price, 1949) . Finally cheese yield efficiency was calculated 139 using the actual yield as percentage of theoretical yield. 140
Additionally, fat and protein recoveries and losses were calculated using the composition 141 and quantity of milk and whey based on the principle described by Banks et al. (1981) . 142
Time of addition of rennet to cutting, cutting to milling and starter to milling was 143 recorded. 144
Cheese composition 145
Cheese was analyzed for fat, protein, moisture, pH and salt 1 month after production. Fat 146 content analysis was carried out using the Gerber method as described by Grandison and 147 Ford (1986) Color was analyzed using a ColorQuest II spectrophotometer (HunterLab, Virgina, US). 176
Cheese samples were prepared into cubes (5x5x3 cm) and analyzed using the 177 Commission on Illumination Standard (CIE) Illuminant D65 lamp. Results are given as a 178 CIE L*a*b color scale and color differences (ΔE* ab ) were calculated (Fernández-179
Vázquez et al., 2011). Analysis was carried out in triplicate 180
Cheese grading was carried out at 3 and 8 months according to the standard UK grading 181 scheme (NACEPE) awarding points for flavor and aroma, body and texture, color and 182 10 appearance with regard to standard Cheddar cheese required by retailers. On each 183 occasion a minimum of three graders were used. 184
Statistical analysis 185
Data were subject to ANOVA and Tuckey HSD using SPSS PASW Statistics 21.0 to 186 detect any statistical differences between inclusion rates. Seasonal variation effects were 187 tested the same way. Differences were considered significant at P < 0.05. 188
189

RESULTS AND DISCUSSION 190
Milk composition 191 (Table 1) 192
Means, ranges and SE for each blends are presented in Table 1 which were not significantly different. In addition, the protein to fat and the casein to 197 protein ratio and CMS were higher in H-F milk. This difference in protein to fat and 198 casein to protein ratio would not be representative of all cheese milk due to the 199 increasingly common standardization of milk to a set protein to fat or casein to fat ratio. 200
However, not standardizing enabled the evaluation of the effect of increased fat 201 proportion in the cheese, which is often believed to be the cause of poor cheese quality. 202
In terms of the effect of season on milk composition (Table 1) , only the fat and protein 203 content was modified, for both breeds, with the lowest level found of both components in 204 summer and the highest level in winter but no difference in spring and autumn (P< 0.05). 205
Cheese making process 206 (Table 2) 207 Table 2 presents the results of the effect of J milk on the cheese making process. The 208 actual, theoretical and moisture adjusted yield of cheese were significantly improved by 209 the inclusion of J milk. Actual yield was increased by up to 34.6% more when using 210 100% J milk compared to H-F (Table 2 ). This is consistent with the deterministic model 211 based on a yield equation of Lundstedt (1979) Differences between actual yield and yield moisture adjusted to 37% were found only for 229 H-F cheese which had lower moisture adjusted yield. 230
Yield of whey was decreased when J milk was added to H-F milk at rate of 50% or over, 231 with the exception of summer where no difference in whey quantity was found. This is 232 consistent with Whitehead (1948) who found J curd to have improved syneresis 233 compared to H-F. Following the same cheese-making process, J curd retained 25% more 234 whey. This is in accordance with a higher casein content improving syneresis. However, 235 the higher content of fat and bigger globules would be expected to decrease syneresis rate 236 (Guinee et al., 2007) . This indicates that protein concentration and size of micelles 237 compensate for the higher fat content and bigger fat globules found for J milk. 238
Composition of whey was modified by a high inclusion of J milk with protein decreasing 239 and lactose and solid increasing with inclusion of J milk. However, there was some 240 seasonal variation in the phenomenon, in particular, the level of protein was found not to 241 be different in spring and summer, while the level of lactose was not significantly 242 different in autumn and winter and level of solids not different in autumn and summer. 243
The concentration of fat in whey was not affected by inclusion of J milk overall, but was 244 found to be higher in autumn and winter. 245
The recovery rate of protein and fat was improved when J milk was used solely, but this but not for protein. This study also found higher recovery value than in the present study 248 which is believed to be due to a lower efficiency on small scale production.. No 249 differences in recoveries were found in autumn and in winter. 250
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The time to cutting was lower when J milk was added at 50% or higher throughout the 251 year. This is in accordance with the shorter coagulation time and higher curd firming rate 252 of J milk reported in several other studies (Okigbo et al. 1985 cutting to milling was increased for 100% J milk due to a lower acidity development, 255 which was also reported by Whitehead (1948) who advised the use of more starter to 256 overcome this problem. However, this only occurred in the summer, which is in 257 agreement with Banks et al. (1984a) . Overall, the total cheese making time was not 258 different between inclusions rates, the faster coagulation time with J milk compensating 259 for the longer acidification time. 260
Including J milk significantly modified the Cheddar cheese process. The increase in 261
Cheddar cheese yield was linear and was at its maximum when J milk was used solely. 262
The fat and protein recoveries were also improved but no statistical differences were 263 found when more than 25% of J milk was used. Whey quantity and composition was 264 modified by J milk inclusion aswas the cutting and acidification time, but this was not 265 deemed to affect negatively the cheese making process. From these results the use of J 266 milk solely seemed to be the most efficient way of producing Cheddar cheese. 267 (Table 3 ) 269
Cheese composition 268
The cheeses were analyzed for fat, protein, moisture, salt and pH, and only fat and 270 moisture were modified by the inclusion of J milk (Table 3) . This is in agreement with 271 the study of Auldist et al., (2004) which found little difference in cheese composition, 272 however, changes in pH and salt were observed, which were not seen in the current study. 273 All cheeses were above the legal minimum standard for fat content and below the legal 274 maximum standard for moisture content and the fat in dry matter was also always above 275 the recommended 50% for good quality Cheddar cheese (Lawrence and Gilles, 1980) . 276
However at 100% J milk, the fat in dry matter (58.21 ± 0.54%) was slightly above the 277 recommended range 50-57%, which could increase the chance of downgrading 278
(O'Riordan and Delahunty, 2003). Fat increased with the inclusion of J milk in autumn, 279 winter and spring (Figure 1 ). This is consistent with a higher level of casein and larger 280 MFG improving fat retention as well as seasonal effects (Banks et al., 1984b (Banks et al., , 1986 . 281
Moisture was reduced when J milk was used in spring and summer (Figure 2 ). Whitehead 283 (1948) also found moisture to be decreased when J milk was used, due to higher 284 syneresis, and noted that similar moisture could readily be achieved through the 285 adaptation of the scalding temperature. The moisture in non-fat substance was not found 286 to be different between inclusion rates, but the levels were slightly higher than that 287 considered as optimal for Cheddar cheese (50-56%) by Banks et al. (1984b) . 288 
Cheese sensory properties 292
From all the sensory properties studied, including texture, color and professional grading, 293 only the color and total grading scores were modified by the inclusion of J milk. This lack 294 15 of difference in sensory properties is supported by Whitehead (1948) , except that the 295 latter study found firmness to be greater in J cheese which was not the case in our study. 296
The lack of effect of J milk on texture is surprising as a the increase in fat in dry matter 297 (Table 3) should have decreased cheese firmness (Martin et al., 2000) . Still, as texture 298 was both monitored instrumentally (TPA) and through grading, it can be concluded that 299 in our study this was not the case. Figure 3 presents the b* value in summer, which 300 correspond to the color yellow, and showed when J milk was included the cheese was 301 more yellow. However, the color differences (ΔE* ab ) were not different (P < 0.05) and 302 the ranges were lower than the normal eye tolerances, which require a difference of 2.8 to 303
5.6 (Fernández-Vázquez et al., 2011) to be noticeable by consumer. This was proved by 304 no difference being found in the grading for color. 305 (Figure 4) 
306
The total grading scores in winter increased with the inclusion of J milk (Figure 5) , 307 however this difference was not sustained at 8 months and no significant difference in 308 graded flavour, texture, appearance and color was detected at either 3 or 8 months. This is 309 in contradiction with the belief of a negative effect of J milk on cheese quality. Not 310 standardizing, while increasing cheese fat, fat in dry matter and moisture in non-fat 311 substance, did not affect negatively cheese quality, and is thus a viable way of producing 312
Cheddar cheese with J milk. Further research should investigate the effect of J milk on 313 the grading of cheese, after 8 month as the bigger fat globules could still lead to early 314 lipolysis and thus bitter taste (Cooper et al., 1911) . 315 This study showed that including J milk improved the yield of non-standardized Cheddar 319 cheese in direct proportion to the rate of inclusion, and thus, without affecting negatively 320 the sensory quality of the cheese. In addition the change in the cheese making process 321 and cheese composition does not hinder its use. Therefore using J milk is a valid way of 322 improving the yield of Cheddar cheese with the optimal inclusion rate being 100% J milk. 
